INTRODUCTION
Tire waste is a serious environmental problem that occurs in many countries because of the rapidly growing number of vehicles, and it is not easily resolved. The use of Crumb Rubber (CR) from used tires rubber in asphalt pavement mixtures has become an alternative to minimize ecological impacts while increasing the mechanical properties of asphalt mixture [1] . In addition, the use of waste tires rubber will also facilitate economic sustainability by reducing road construction costs [2] . Researchers' attention to the application of recycled polymers as a substitute for pure polymers has developed in recent years as an environmentally friendly way to overcome waste problems [3] .
In addition to being used in asphalt pavement, CR can be used for pavement asphalt as well as hot or warm mixtures. Asphalt pavement consists of asphalt material, aggregate, and other additives if needed. Asphalt is a complex viscoelastic material commonly used in flexible pavement construction with a mechanism of consistency and adhesion influenced by the level of loading, temperature, and other environmental conditions [4] [5] . Inaccurate calculation of the asphalt mixture can cause different types of premature damage to road pavement, such as rutting deformation.
The advantages of rubber-powder-polymer-modified asphalt mixed with asphalt concrete (AC) will produce pavement that is resistant to heavy loads, highly flexible, and durable compared with conventional asphalt mixtures. Several studies have been carried out by adding CR to a warm asphalt mixture in which the results show the addition of these polymers can increase rutting deformation resistance in the asphalt pavement [6] . One of the benefits of Crumb Rubber Modified Asphalt (CRMA) is its increased rutting deformation performance [7] . To obtain rutting deformation values, several mixed performance evaluation indices can be used. However, there are weaknesses in several performance evaluation indices for asphalt mixtures-namely, evaluation criteria and independent rutting deformation environment requirements and a lack of methods to connect rutting deformation evaluation criteria with plastic deformation due to traffic loads and environmental conditions [8] . Wheel-tracking machine (WTM) testing is usually used to determine the rutting deformation of asphalt pavement and its speed. The latest research on Crumb Rubber/Styrene Butadiene Styrene Composite Modified Asphalt (CR/SBSCMA) technology is mainly focused on asphalt mixture preparation, road construction and performance evaluation, and so on. In the CR/SBSCMA aging process, in addition to matrix asphalt aging, CR and SBS aging modifiers also affect the aging properties of composite modified bitumen [9] . CR is cheaper than SBS but ignores its ductility value. A single modifier often cannot solve all problems. Thus, it is reasonable to experiment by modifying the asphalt binder with two or more modifiers, which can result significant performance improvements due to several interactions [10] .
The purpose of this study was to analyze the effect of adding CR to hot-mix asphalt using wheel tracking testing by conducting temperature variations.
MATERIALS AND METHODS
The material used for testing is a gap-graded aggregate, asbuton retona, for Hot Rolled Sheet (HRS-WC) pavement, with the binder obtained from natural asphalt from Buton Island and material additive from crumb rubber. Tests are conducted to determine the advantages of asbuton retona, which has different characteristics from oil asphalt, as a mixture for asphalt pavement in Indonesia. Modified natural asphalt is used in the gap-graded asphalt mixture in surface layer construction to increase the stability and bond strength between aggregates compared to the specifications of dense gradations.
The test in this study is conducted to compare the rutting deformation in the test object without crumb rubber and with crumb rubber and determine the optimal percentage of crumb rubber to increase the pavement capability. Rutting deformation is important to recognize early so that road damage resulting from repeated traffic loading can be minimized. Nevertheless, it is influenced by the composition of the mixture of materials, material characteristics, and methods of road pavement construction. In general, asphalt pavement mixtures with dense aggregates that meet the standards will resist rutting deformation.
Asbuton Retona Blend
Buton asphalt (asbuton) is a natural asphalt from Buton Island, Indonesia. Asbuton comes from petroleum that is pushed to the surface of the soil and seeps into porous limestone. This process occurs for a long time on the surface of the ground; consequently, the light fraction evaporates, and the remaining heavy fraction of petroleum is called asphalt or bitumen [11] . The asphalt content of asbuton varies in each region between 10% and 40% with an average of approximately 21.8% [12] . In the present study, the asbuton used is the retona-blend asbuton produced by PT Olah Bumi Mandiri. Asbuton retona blend is made from mixing asbuton through a semi-extraction process with oil asphalt with certain bitumen penetration. In general, asphalt that is often used in concrete asphalt mixtures is 60 or 80 pen bitumen. Asbuton cannot be used at100% because approximately 80% of it contains other materials; only a certain percentage can replace oil asphalt to increase the stability and durability of the pavement mixture and thus extend the lifetime of the road [13] . In addition, asbuton is used to overcome the disadvantages of oil asphalt at certain bitumen penetration values [14] . Characteristic test results from asbuton retona blend are shown in Table 1 Previous study showed that when the water content of asbuton is less than 1%, asbuton is obtained with bitumen levels in the range of 23% to more than 25% [15] . Some researchers have concluded that although asbuton retona 040013-2 has a smaller stability value than 60/70 pen bitumen, the values are not significantly different. It indicates the potential contribution of Buton-modified asphalt in Indonesia [16] .
Gap-Graded Aggregate
In general, aggregates have three types of gradations: tight-graded aggregates, uniform-graded aggregates, and gap-graded aggregates. The gap-graded aggregate is a type of aggregate gradation with incomplete sizes or very few aggregate fractions. This aggregates has the combined characteristics of two other types of gradations. The results of the aggregate gradation used in this test are shown in Fig. 1 . From these results, a sample composition of retona blend asbuton as a binding material, gap-graded aggregates, and crumb rubber additives with a predetermined percentage of additive is made. 
Crumb Rubber (CR)
Crumb rubber (CR) is an elastic material fiber (elastomeric polymer) derived from rubber, both natural and synthetic rubbers, which can increase the ability of asphalt mixtures in terms of withstanding traffic loads. It occurs because CR comes from used tires containing natural rubber, synthetic rubber, carbon black, sulfur, polymer, oil, pigments, steel, and polymer fibers, which can help improve the pavement performance of the road [17] .
Three methods can be used to process rubber or used tires into CR for obtaining flexible road pavement mixture material. They are ambient process, cryogenic process, and fine grind-ambient method [18] . Two processes exist for using CR in asphalt mixes: dry and wet. In the dry process, CR is added to the aggregate before aggregate is mixed with asphalt as a binder. In the wet process, the asphalt is mixed first with CR heated to 177-210 °C. CR can replace stone ash on a layer of Hot Rolled Sheet (HRS) for better stability to wheel wear than conventional HRS. In general, the use of modified CR on asphalt pavement significantly increases the construction costs of hot-mix asphalt. However, maintenance costs tend to be cheaper because of the greater durability [19] .
Rutting Deformation
Distortion or deformation occurs on curved road pavement when it cannot withstand repeated traffic loads. One common type of deformation in road construction is rutting deformation, which often occurs in flexible road pavement, especially in areas with high temperatures. Rutting deformation occurs when the tensile stress produced by high temperatures causes large deformations [20] . However, it can also be affected by the composition of coarse aggregates and fine aggregates from the hot asphalt mixture. The higher the fine aggregate content, the lower the resistance to rutting deformation. However, a decrease in the amount of coarse aggregate will increase the depth of the rutting regardless of the aggregate size or asphalt type [21] . Rutting deformation can be measured using a WTM with a temperature value and number of cycles that can be determined as needed.
EXPERIMENTAL DESIGN AND TEST PROCEDURES
The levels of asbuton retona used in the test consist of five variations: 6.5%, 7%, 7.25%, 7.5%, and 8%. Marshall testing is carried out to obtain the optimal value of asbuton content. At the optimal content, the optimal percentage of crumb rubber addition can be determined. There are two methods of Marshall testing, namely: Marshall Standard and Marshall Immersion. Test specimens for Marshall Testing are compacted in a cylindrical form with a diameter of 10 cm and a height of 7.5 cm at a mixing temperature of 152 °C. The specimens are then compacted 75 times at 140 °C. Marshall standard specimens are soaked for 30 min at 60 °C before testing. For the Marshall Immersion test, the specimens are soaked for 24 h at 60 °C. Sample testing with the WTM as shown in Fig. 2a was carried out at 27 °C, 35 °C, 45 °C, and 60 °C. The optimal percentage of CR was carried out at 27 °C with 1260 testing cycles at 21 cycles/min. The percentages of crumb rubber were 0.48%, 0.96%, and 1.44%. Tests were also carried out for specimens without the addition of CR as the control. Samples with the addition of the optimal CR content were then tested under four temperatures for 3780 cycles. Samples for rutting testing with WTM dimensions of 30 × 30 × 5 cm 3 as shown in Fig. 2b were compacted using a roller compactor. This test was carried out to determine the percentage of CR that produces the best resistance to rutting deformation.
RESULTS AND DISCUSSION

Deformation Rutting with Variations in CR Content
The test results of asbuton hot asphalt mixture with the addition of crumb rubber are shown in Fig. 3 . Samples with variations in the percentage of crumb rubber were tested for 1 h or 1,260 cycles, with the aim of producing the best improvement in asphalt mixture performance. In the present study, the track was tested to determine the route with 1,260 cycles (short trajectories) and 3,780 cycles (long trajectories). A short-trajectory WTM test can be used
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to determine the deformation changes due to short trajectories, whereas long trajectories can be useful to determine the characteristics of deformation [22] . Figure 3 shows the results from rutting of the hot-mix asphalt of the gap-gradation with variations in the addition of CR. It can be seen that the addition of CR at 0.96% produced the smallest rutting deformation compared to the addition of CR at 0.48% and 1.44%. As shown in Fig. 3 , the smallest rutting deformation was produced from a hot-mix of asbuton with the addition of 0.96% crumb rubber at 27 °C. The increase in deformation occurs in line with the increase in temperature as presented in Fig. 4 and Fig. 5 . Moreover, at 60 °C, the deformation for both sample types exceeded 4 mm. However, as shown in Fig. 4 , the sample with the addition of CR has a smaller rutting deformation than the sample without the addition of CR.
Deformation Rutting with Temperature Variations
Temperature affects road surfaces, especially in tropical countries. A hot mix asphalt of gap-graded with a large amount of asphalt is susceptible to temperature because it potentially cause bleeding. The addition of CR at 0.96% to the hot mix asphalt with a gap gradation at 27 °C could improve the performance of this asphalt mixture. However, at 60 °C, the increase was very small as seen in Fig. 5 . The addition of 0.96% CR did not increase the resistance of the asphalt mixture to extreme temperatures. Fig. 6 shows the change in deformation values in the hot mix asphalt with the addition of CR at 0.96% due to changes in temperatures of 27 °C, 35 °C and 45 °C. Increased deformation occurred in the initial cycle at 35 °C and 45 °C, and acceleration of deformation continued to decrease with increasing number of cycles. At 27 °C and 35 °C, approaching 4,000 cycles the acceleration of deformation appeared to be smaller, and the deformation was almost stable.
A high rate of rutting deformation increased its occurrence, especially in the initial cycle. Fig. 6 shows that the addition of 0.98% CR has improved the performance of the hot mix asphalt with a gap in temperatures less than 45 °C. 
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CONCLUSIONS
Based on the WTM test for specimens of a gap-graded aggregate material, a hot asbuton mixture with an optimal percentage of asphalt content and optimal Crumb Rubber (CR) exhibits high rutting deformation resistance with a gradual gradation with added CR. This level of rutting deformation resistance is also higher than that of sliced graded material without added CR. It shows that Crumb Rubber can improve asphalt pavement performance in terms of resistance to rutting deformation.
